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1 Background

1.1 Mission

1.2

An essential part of the mission of the AFRL/SNDP RF Links team is to
optimize the electro-optic (EO) effect of nonlinear optical chromophores for
polymer modulators to be used in high speed, high bandwidth fiber optic
links. All modulators and bulk material samples fabricated during this time
were poled through contact poling, as opposed to corona poling. The end
effect on the chromophore molecules is the same, but each method

presents some unique challenges.

Measures of Merit
Two measures of merit for these modulators are V1T and optical loss. V1T is

the amount of voltage needed to induce a 180° phase shift between input
and output light of one arm of a modulator inducing a full swing from
maximum light output to minimum light output. V1T is dependent on the
electro-optic coefficient (r33) of a given chromophore, with a high r33
contributing to a low V1. Major contributors to optical loss are the amount of
light absorbed by the chromophore molecules and the amount of light
scattered out of the waveguide in question. Absorption and r33 are material

properties that can be controlled by chromophore loading density”.



1.3 Modulator Explanation

1.3.1 Device Construction
Our modulators are three layer polymer stacks spun onto a metalized silicon

wafer, with a gold electrode patterned on top. The metalized silicon wafer
serves as a ground plane electrode. The lowest layer of the polymer stack is
a lower cladding, the middle layer is a core material filled with electro-
optically active chromophore molecules, and the upper polymer layer is an
upper cladding. As shown in Figure 1-1. Polymer Modulator, we define a
Mach Zhender modulator (MZM) in the optically guiding center or core layer.
In this design a laser beam is coupled into the modulator, is split evenly into

two legs, and recombined upon leaving the modulator.

Patterned Electrode —

Top Cladding

Polymer

Waveguide

Figure 1-1. Polymer Modulator

1.3.2 Electro-Optic Effect
We modulate the laser beam by applying a voltage to one of the arms, and

changing the index of refraction in this arm. The change in index of

refraction in turn changes the optical path length in one arm. This means



that when the light recombines, the intensity changes because of
constructive and destructive interference. The index change is caused by
the EO effect of the molecules in the core. These molecules are essentially
dipoles, which must all be oriented in the same direction in order to

maximize their EO effect. This orientation occurs through a process called

poling.

1.4 Poling

1.4.1 Initial conditions
When the modulator or material sample is first completed, it is a solid at

room temperature. The chromophore molecules are randomly aligned and

fixed in place.

1.4.2 General Process
The MZM is heated over some time period to the glass transition

temperature (Tg) of the material. The Tg is based on the loading density of
chromophore molecules and the type of host material. Once the core
material reaches the Tg, the material becomes “gooey” and the mobility of
the guest chromophore in the polymer host is increased. At temperature, a
strong electric field is then applied to line up the dipole chromophore
molecules. The sample is then cooled while still under voltage. This process
aligns the chromophores and locks them in position, producing a material

with ideally a high r33 and a device with a low V1.



1.4.3 Challenges
Water, light and oxygen can degrade the EO effect of the chromophore

molecules. First, chemical reactions can occur resulting in chromophore
bleaching, where the material becomes very optically lossy. Second, excess
energy in the poling process can rip molecules apart, reducing the overall

EO effect because there are now fewer active chromophore molecules.



2 Setup Description

2.1 Interim Poling Setup
This poling setup was conceived as a quick way to provide us an initial

capability. After working on this setup, we took lessons learned forward to

planning for a more ideal setup.

2.1.1 Poling Box Structure
The interim poling setup, used primarily to support our Teng & Man testing

described in Section 5, consisted of a Plexiglas box that was taped down to
an optical table on all four sides. The top of the box was mounted with
hinges to the back of the box, allowing the top to swing open to insert and
remove samples. A hole had been drilled in the back of the box, allowing us
to place a hot plate in the box and run the wiring out the rear of the box to
the Sigma temperature control unit. Another hole was for flexible plastic
tubing that led back to a compressed nitrogen cylinder. Gaps around these
holes were taped over with our flexible tack tape. A hole was also drilled in
the left and right sides of the box to allow our probe arms into the box. The
holes were covered with scraps of purple nitrile gloves taped to the box with
blue tape. The hope was that the nitrile would provide a flexible seal

between the box and the probe arms.

2.1.2 Electrical Probe Connections and Concerns
On top of the hot plate was a sapphire wafer, which electrically insulated the

sample under test from the metal hot plate. The sapphire wafer was held in



place by a metal clip attached to the hot plate. The probe tips used were
standard Alessi pointed tips, which we would bend to form a “U” shape. We
used the bottom of the “U” shape to touch down onto the electrode. We
used an Oriel high voltage source, with an ammeter and our hot probe
hooked in series. The ammeter was a digital Fluke meter, capable of
reading only tenths of microamps of current. The hot probe would touch
down on the top gold electrode of our sample, and the circuit would be

completed by touching a probe down to ground electrode.

2.1.3 Placing the Probe
A microscope was placed on the optical table near the box and was

mounted so that the user could swing it into position and look down on the
sample to assist with probe placement. A fiber optic illuminator provided the
needed light for the microscope, and allowed the user to keep the room

lights off.

2.2 Principal Poling Setup

2.2.1 Poling Box Structure
We bought a stainless steel glove box from Terra Universal to build this

setup. A picture of the setup is shown in Figure 2-1. Stainless Steel Glove Box.
The glove box has a vacuum oven airlock on one side and a plain airlock on
the other. The box is also equipped with an oxygen sensor that reads
percent oxygen down to tenths of a percent. Another key capability is a
humidity sensor combined with a regulator. This sensor allows the user to

set a constant flow of nitrogen into the box, and also activates a 30 psi burst



of nitrogen when the humidity level exceeds the threshold set by the user.
We made a cover for the front window on the box out of black cloth that
could be secured in place with Velcro, keeping all light out of the box. Our

temperature controller and hot plate was a Sigma unit.

Figure 2-1. Stainless Steel Glove Box

Figure 2-2. Probe Setup Inside Glove Box

2.2.2 Electrical Probe Connections and Concerns
A key component of this setup was a Keithley 2002 digital multimeter

capable of reading 8 ¥z digits. This is essential to accurately tracking current

data during device level poling. The sample was placed on top of a sapphire



wafer on the hot plate. In order to help place the probes, a camera was
attached to a microscope objective, with a ring light source attached to the
bottom of the microscope objective. The camera output was wired out the
back of the glove box to a television monitor on the outside. We had to use
carbide drill bits to drill through the stainless steel back of the box in order to
run these cables. We then sealed around the cables with duct seal. The
power supply was an SRS unit capable of sourcing up to 5,000V. The hot
plate, ammeter, and power supply were all controllable through a GPIB
interface. Inside the glove box is a probe station that fits around the hot
plate. The probe station and hot plate were mounted on a stage that could

be moved along two axes for ease of viewing through the camera.

Figure 2-3. Measurement Instrumentation Used in Setup

2.2.3 Probe Tip
We made a tip out of wire cut off of a resistor and soldered to a relatively

flat, relatively flexible copper piece from a rotary switch. We named this our

shovel probe, since the profile it created upon touching down on the sample



resembled the wide curved back of a shovel. This probe was superior to

both the standard Alessi probe tip and a cat whisker probe.



3 Troubleshooting Quick Reference

3.1 Chip Preparation

3.1.1 Chip is shorted when tested before poling run
If probes are placed before any heating is applied and a chip is found to

have a short, the likely cause is some gold lapping over the edge of the
chip, connecting the upper electrodes to the lower ones. The solution is to
polish the edges of the chip by hand on the disc shaped polishing paper in
the clean room.

3.1.2 Vacuum oven will not function correctly
Check to make sure the vacuum pump is on, the oven valve to vacuum
pump is open, the oven valve to nitrogen cylinder is closed, and the nitrogen
cylinder is off. If the oven still will not evacuate, the solution is to press
inward on the glass at the oven/room interface while lifting the edge of the

oven underneath the door.

3.2 Poling Chamber Preparation

3.2.1 Oxygen sensor not reading percent oxygen
The Oxygen sensor takes 30 minutes to warm up. Until that time, the

display reads the temperature of the sensor, which must be 750° C to

function.

10



3.2.2 Setup uses nitrogen too fast
Ensure that the regulator on the nitrogen tank is set to approximately 23.

Ensure humidity sensor is set to 6.0 percent humidity. Ensure the flow meter
on the humidity sensor is set to max during chamber purge, and 17

thereafter. Ensure purge strength, the dial on the right, is set to 20-30.

3.3 Performing a poling run

3.3.1 Measurement equipment not talking with computer
Ensure that LabVIEW has been exited and restarted before poling if used in

an earlier run. Ensure that all measurement equipment was turned on after
the LabVIEW program was opened. The way the program is written, if the
measurement equipment is turned on before LabVIEW is opened the

program will not recognize the equipment is present.

3.3.2 “ltrip” error message encountered on power supply
The chip has shorted out, possibly because the “hot” probe is being applied

with too much pressure. When dropping the probe, pay special attention to

apply pressure only until the probe begins to slide forward.

3.3.3 “V trip” error message encountered on power supply
This means the load on the power supply is changing too rapidly. A couple

of different things could cause this. First, ensure the supply’s voltage limit is
set far above (perhaps 4x) the amount of peak voltage you intend to use.
Second, determine whether the voltage trips are causing damage where the
probe contacts the chip or at some other place on the chip. If damage is
apparent directly under the probe, there is too much current flowing through

too thin a gold pad. A possible solution is to reposition the probe on a

11



thicker area of gold that can support this. If the area under the probe is
intact, then it is likely that material defects are to blame. If possible, in future
fabrication runs, ensure there is no shorting of the top metal to the silicon
wafer at the edge. Otherwise, cleave extra parts of wafer off the edges to

eliminate this area.

3.3.4 Graph of current value full of spikes
If the current value is changing between near zero and some higher value,

this indicates the probe is bouncing as the chip is heating up and
expanding. To fix the problem, reposition the probe and ensure to apply with
enough pressure, keeping in mind that when the material is hot it is very

soft.

12



4 Poling Quick Reference Checklist

This information documents the process to get a 4.2V V1 on 2cm chips from the
Dec 03 fabrication run. Chips made of 29% CPW1 with deuterated methanol.
Chip Preparation
1) Select chips for poling and scrape a ground electrode on each.
2) Put chips in oven on aluminum boat and close oven
3) Open vacuum line, turn on vacuum pump
4) Push up on end of oven and in glass part of oven door until vacuum gauge
indicates suction
5) Allow oven to pump down to 50 kPa on gauge
6) Turn on nitrogen cylinder connected to oven
7) Open nitrogen line, allow nitrogen to flow until gauge reads 10 kPa, close
nitrogen line
8) Repeat step 7 twice with vacuum applied to flush out the chamber
9) Turn off nitrogen cylinder connected to oven

10) Let chips bake out a minimum of 3 hours

Poling Chamber Preparation
1) Turn on oxygen sensor by using green button on the front
Note: Will not read percent oxygen until its had 30 minutes to warm up
2) Open nitrogen cylinder on line attached to poling box
3) Turn on humidity sensor by using black switch in back

4) Using black dial on left of humidity sensor, set flow to more than 20
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Performing A Poling Run

1) Do not begin until oxygen sensor reads percent oxygen below 2.0

2) Check nitrogen tank hooked to poling box; if below 1000 psi, change
before executing poling run

3) Using black dial on left of humidity sensor, set flow to 17

4) Turn on nitrogen cylinder hooked to vacuum oven

5) Turn off vacuum pump, on oven close vacuum line then open nitrogen line

6) After bringing the oven to equilibrium pressure, the sound of nitrogen flow
will change

7) Close nitrogen line on oven, turn off nitrogen cylinder hooked to vacuum
oven

8) Remove desired chip from oven, place on sapphire wafer

9) Put remaining chips back in oven, close oven, and open vacuum line

10)Turn on vacuum pump

11)Begin vacuuming out oven by pushing up on end of oven and pushing in
on glass in oven door

12) Turn on TV monitor, camera, and light source for microscope

13) Place ground probe

14) Turn off TV monitor, camera, and light source, close Velcro curtain

15) Open LabVIEW device poling program

16) Turn on power supply and multimeter, set temperature controller dial to

remote mode
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17) In LabVIEW, insert name of chip before temp, voltage, and current in
each file name above the graphs to save data to the RF Links team
shared folder under poling data

18) Set the voltage step timer to 250 ms

19) Set first ramp time to 15 minutes

20) Set plateau time to 10 minutes

21) Set plateau temperature to 120 degrees

22) Set second ramp time to 15 minutes

23) Set poling time to 28 minutes

24) Set poling temperature to 150 degrees

25) Begin LabVIEW program by clicking arrow at top left — start handheld
stop watch at same time

a. LabVIEW programs are stored in the LabVIEW directory on the
computer in Lab 10

b. Select either WaferPoling.vi or DevicePoling.vi as appropriate

26) Check to ensure power supply, multimeter, and temperature controller are

in remote mode and functioning (reading/reporting data and heating)

27) Turn off room lights — you're free until 48 minutes on the stop watch; use

this time for making lab book entries, etc
28) At 48 minutes on the stop watch, begin the process of setting the hot
probe down
a. Turn on TV monitor, camera, and light source

b. Open Velcro curtain and place hot probe on electrode
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Turn off TV monitor, camera, light source, and close curtain

Type 100 volts in voltage block on LabVIEW program

Hit update voltage button, observe current profile

If a steady, linear current increase is observed, quickly type 550
volts in voltage block and hit update voltage when power supply
reaches 100 volts

If current remains bouncing around a flat line, you have missed the
probe placement. Return voltage to zero and repeat the process

from step “a”

29) Observe current profile on LabVIEW to ensure probe stays down; poor

probe placement is marked by current “bouncing” between some value

and zero

30) Cooling will begin at 1 hour 8 minutes on the stopwatch

31) You can leave, but check on voltage & current every 10 minutes - Allow

the sample to cool to 40 degrees C or below

a. Should take about 2.5 hours from 150 degrees

32) Once sample has reached 40 degrees, shut down poling

a. Set voltage to zero, click update voltage

b.

Once voltage reaches zero, stop program with red stop sign at top
left
Turn off power supply, multimeter, temperature controller, oxygen

sensor, humidity sensor, and nitrogen regulator at tank.
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Resource Management
When poling every day, plan on 10 nitrogen tanks per month
- This figure accounts for miscellaneous nitrogen use in clean room
also
- Nitrogen contract with Airgas, call 1-800-666-6523, customer
number SWF86
Flexible probe tip was made out of a copper part from inside a rotary switch. The
switches come from bench stock. The copper part was then soldered to a wire
cut off one side of a resistor, and this wire could then be put inside the standard
probe mount.

Manuals for all meters and supplies involved are in Lab 10.
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5 Teng & Man Experimentation

5.1 Introduction

5.1.1 Motivation
The motivation for this series of experiments was to use an interim poling

setup and support an investigation of a technique to measure the electro-
optic coefficient of different chromophores proposed by Teng and Man?.
Samples poled were 15% CPW1, 21% CPW1, 21% CPW1 buffered on both
sides by a UV15 layer, 8% FN2, and 40% FN2. This method is based on
poling material samples by placing a probe in contact with an electrode

rather than through corona poling.

5.1.2 Time Frame
This series of experiments took place between 20 Aug 02 and 29 Jan 03.

5.1.3 Personnel Involved
Brian Flusche, Franz Haas, Paul Cook, and Tom McEwen

5.2 Setup Description
We used the interim poling setup described in 3.1 for this test. A diagram of

the samples we produced for this test is shown in Figure 5-1. We used
glass slides with a thin indium tin oxide (ITO) coating on one side and
masked a portion of the ITO face was masked with tape. These slides were
then dipped in a solution of aqua-regia for five minutes to etch away the
exposed ITO>. After etching, the tape was removed and the samples were

baked out for at least an hour to remove excess solution. The ITO that had
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been masked in this process served as the ground electrode, while the
etched areas provided an area to place the top electrode and not be
concerned with shorting the sample. Next, the slides were again masked
with tape, and a layer of core material was spun on. The tape was removed
and the samples were sputtered with gold, resulting in a thin layer of gold
on the sample that served as the top electrode. The probe carrying voltage
from the supply, referred to later as the hot probe, was touched down on
the top gold electrode of our sample, and the circuit was completed by
touching a ground probe down to the ITO. The wire from the ground probe
was connected back to the voltage source. In addition to the Oriel power
supply, we also built a power supply that was capable of continuous or

pulsed operation.

Side View Front view
Glass window Alligator clip
¢ ITO side of Glass window Glass slide
4— Glass slide ’\/
] ( /
¥
¥

S ? $
L Deposited / f\“

Gold

»

Alligator clip

Polymer Deposited
Gold

Polymer

Figure 5-1. Teng & Man Sample Design
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5.3 Experimental Objectives
The following issues were examined for this experiment. A brief, bottom-line

answer follows each objective with full details in the Experimental Results
section.
1) What poling temperature returns the optimum r33 for CPW1?
=>150° C
2) Does reversing the direction of the applied electric field but holding the
magnitude constant affect the r33?
=> No
3) Does buffering a chromophore sample on both sides with a thin layer
of UV-15 affect the r33?
=> Yes, buffering the sample seems to increase r33
4) Does pulsed poling the chromophore with periodic surges of high
voltage give a better r33 than simply poling with a constant high
voltage?
=> No
5) Does extending the time at poling temperature from 15 minutes up to
an hour affect r33?
=> Yes, extending the poling time seems to reduce the dependence

of r33 on incident test angle

5.4 Procedure
Once we prepared samples of a given chromophore, we developed a poling

protocol for each. The sample under test was placed inside our interim

poling box. The box was then closed and sealed with blue tack tape.
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Looking through a microscope, we first put the ground electrode in place on
the ITO band using enough force to ensure the sample was locked in place.
The hot electrode was placed second. The sample design and ITO etching
process allowed us to place the probe without fearing that we would punch
through the gold and short out the sample. Next, the nitrogen regulator was
set to 10 psi in order to purge the poling chamber, and left on for 10
minutes. All room lights were then turned off. As the heating profile was
begun, the regulator was lowered to 2 psi to conserve nitrogen. The
temperature controller was then programmed with the desired heating

profile. A typical profi